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Natriuretic factor in rats acutely expanded by Ringer's versus
albumin solution. Previous studies have shown that it is possible
to extract a natriuretic factor from the renal tissue of rats. This
substance, which can be isolated by fractionation through a G-25
Sephadex column, shows a strong correlation with sodium elimi-
nation by the kidney. The present work was designed to compare
the effects of expansion by a Ringer's solution versus an albumin
solution on the presence of this factor and the natriuretic re-
sponse in the rat. Albumin-expanded rats, like control nonex-
panded rats, which have no natriuretic response, do not exhibit
any active natriuretic factor in their kidneys. In contrast, signifi-
cant activity of the natriuretic factor is found in the kidneys of
Ringer-expanded rats, which also respond by a significant natri-
uresis (P <0.001). We conclude that the expansion of the extra-
cellular fluid volume, as opposed to the expansion of the intra-
vascular volume, only determines both the presence of the natri-
uretic factor and the physiologic natriuretic response. As the
difference in the sodium transport by the renal tubule in these
two modes of expansion takes place in the collecting duct, we
suggest that the natriuretic factor acts at this level.
Facteur natriurétique chez des rats en expansion aigué: Corn-
paraison du Ringer et de l'alburnine. Des etudes antCneures ont
montré qu'il est possible d'extraire un facteur natriurétique du
tissu renal de rat. Cette substance, qui peut être isolée par frac-
tionnement sur une colonne de Sephadex G-25, est trés forte-
ment corrélée avec l'élimination de sodium par le rein. Ce travail
a pour but d'étudier comparativement les effets de l'expansion
par le Ringer et par l'albumine sur la presence de ce facteur et Ia
reponse natriuretique du rat. Les rats en expansion par
l'albumine, de même que les rats contrôles ne subissant pas
l'expansion et sans réponse natriurétique, n'ont pas de facteur
natriurétique décelable dans le rein. Au contraire une activité
significative du facteur natriuretique est observée dans les reins
des rats soumis a une expansion par le Ringer chez lesquels une
natnurèse significative est obtenue (P < 0,001). Ii est conclu que
l'expansion du volume extra-cellulaire, par opposition a
l'expansion du volume intravasculaire, determine a la fois Ia pre-
sence du facteur natriuretique et Ia reponse natriuretique physio-
logique. Puisque les differences dans le transport du sodium par
le tube renal dans ces deux modes d'expansion sont situées dans
le canal collecteur, il est suggéré que le facteur natriurétique agit
dans ce segment.
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Several groups have demonstrated that it is pos-
sible to isolate a low-molecular-weight fraction with
natriuretic activity from urine [1, 2] or blood [3, 4],
and more recently from the renal tissue [5, 6] of man
or animals receiving a large amount of salt. As yet,
this material has not been chemically characterized.
Therefore, comparisons between the different natri-
uretic factors reported in the literature rely only on
chromatographic characteristics and the profile of
the natriuretic response observed when the material
is injected into a rat. Furthermore, as the prepara-
tions are not completely purified, it cannot be ex-
cluded that more than one substance may be pres-
ent in the natriuretic fraction studied.
Although the definite chemical structure of this
natriuretic factor or factors is unknown, indirect
and direct evidences suggest that the natriuretic ma-
terial obtained after fractionation through a G-25
Sephadex column acts mainly on the distal segment
of the nephron: (1) This material inhibits the short-
circuit current in a toad bladder [7] or frog skin [8]
preparation. These anuran membranes are consid-
ered as having sodium-transport properties similar
to the distal segment of the nephron. (2) This mate-
rial has also been shown to inhibit sodium transport
in an isolated rabbit collecting duct preparation [9].
The present study was undertaken to investigate
the role played by this low-molecular-weight factor
or factors in the natriuretic response induced by
two different types of expansion, one of the extra-
cellular fluid (ECF) volume, the other of the vascu-
lar space. Expansions were performed with Ring-
er's or hyperoncotic albumin solutions, and the de-
gree of the natriuresis resulting from these two
modes of expansion was compared to the activity of
the natriuretic substance extracted from the renal
tissue after expansion of each type.
Confirming the data of the literature, we found
that hyperoncotic albumin-induced expansion did
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not produce a natriuresis but Ringer-induced ex-
pansion resulted in a large increase of sodium elimi-
nation by the kidney. This difference observed in
the natriuretic response following these two types
of expansion has been shown to rely on a different
handling of sodium by the distal segment of the
nephron, where the natriuretic factor or factors are
likely to interfere.
Our data show an important activity of the natri-
uretic material extracted from the kidney tissue fol-
lowing Ringer-induced expansion, corresponding to
a marked natriuretic response. In contrast, no ac-
tive natriuretic material was found following the hy-
peroncotic albumin-induced expansion, in accord-
ance with the absence of change in the sodium elim-
ination by the expanded rats. This study
demonstrates that the natriuretic factor or factors
are detectable in the kidney tissue only after an ex-
tracellular fluid volume expansion, which, in con-
trast to the albumin-induced expansion, results in a
natriuretic response. As both Ringer- and albumin-
induced expansions inhibit similarly the sodium
transport by the renal tubule down to the late distal
tubule, it might be assumed that the natriuretic ma-
terial isolated from the kidney tissue of Ringer-ex-
panded animals is an important determinant of the
natriuretic response observed in this model, and
presumably acts on the collecting duct, where the
sodium handling differs in the two modes of expan-
sions.
Methods
Experiments were performed on 24 normal male
Wistar rats (Physiopathology Institute Bern), each
weighing between 300 and 350 g. These animals
were separated into three groups (A, B, and C), and
the basic protocol was identical for all groups. Rats
were confined in individual metabolic cages for a
10-day period, during which they received 25 g of a
synthetic sodium-deficient diet containing 2.2 mEq
of sodium per 100 g of dry powder (C- 1036 Altromin
D-4937 Lage, Lippe). In addition to the sodium con-
tained in this basic diet, 3.5 mEq of sodium chloride
a day were provided in the drinking water (1.75 ml
of sodium chloride, 11.7%, added to 25 ml of bidis-
tilled water). Thus, each rat received 4 mEq of so-
dium chloride a day. The rats that were unable to
take the total amount of fluid required were re-
jected. On day 10, a 24-hour urine collection was
made, and endogenous creatinine clearance, so-
dium excretion (UNaV), and fractional excretion of
sodium (FENa) were calculated. On day 11, clear-
ance studies were performed according to three dii-
ferent protocols under basal conditions (group A),
after hyperoncotic albumin expansion (group B),
and after Ringer's expansion (group C). Whichever
protocol was used, 18 hours before these studies,
urinary dead space was diminished by ligation of
the dome of the bladder, and thereafter the rats
were fasted in individual cages. On the day of the
experiment, a polyethylene catheter (PE-25, Por-
tex, England) was inserted into the jugular vein
while the rats were under light ether anesthesia.
Following this, the rats were confined in restrictive
cages, and experiments were started after their re-
covery from surgery. One rat from each group was
studied simultaneously.
Group A: Basal conditions. As soon as the rats
had recovered from surgery, a priming dose of 0.7
ml of a 2.5% inulin solution (Laevosan Ag, Zurich)
was injected i.v. A 2.5% glucose solution with 2.5 g/
liter inulin and 19.9 mEq/liter sodium was then
perfused by means of a syringe pump (model 355
SAGE Instruments, Division of Orion Research
Inc.) at a delivery rate of 0.15 mi/mm. After a 60-
mm equilibration, three 20-mm urine clearance
samples were collected, and blood samples were
drawn in the middle of each period from the tip of
the tail for measurements of sodium, inulin, and he-
matocrit. At the end of the last clearance period, the
kidneys were immediately removed under ether
anesthesia, and placed in 20 ml of bidistilled water
adjusted to a pH of 3.4 with acetic acid. The solu-
tion was heated for 20 mm at 65° C. Then, the kid-
neys were homogenized and centrifuged at 3,000
rpm for 25 mm at 4° C. The supernatant was applied
to a 2.5-x-95-cm Sephadex G-25 column (Pharma-
cia AG, Zurich) and eluted at 4° C with a 0.01 M
ammonium acetate solution adjusted to a pH of 6.8,
with a Perpex pump delivering 1.2 ml of solution per
minute [8]. The effluent solution (10 tubes of 12 ml
each) that appeared immediately after the salt peak,
and which had previously been shown to contain
the inhibitor of the sodium transport in the urine
from patients with chronic uremia [10, 11] and in
urine from normal dogs [1], was collected, lyophi-
lized, and reconstituted in 1.5 ml of bidistilled wa-
ter, and stored at —25° C until tested.
Group B: Hyperoncotic albumin expansion. The
rats in this group received the same priming dose of
inulin as did the rats in group A. Then, a 0.6% body
weight expansion was obtained by perfusion of a
25% hyperoncotic albumin solution over 20 mm. By
the end of the expansion, rats were perfused during
40 mm with a sustaining solution containing 2.5%
glucose, 19.9 mEq/liter sodium, and 2.5 g/iiter inulin
22 Louis and Favre
at a rate of 0.15 mi/mm. Then, the perfusion was
maintained during three 20-mm clearance periods
under the same perfusion and rate. At the end of the
last clearance period, kidneys were again removed
and processed as previously described for group A.
Group C: Ringer expansion. Rats from this
group, after having received a priming dose of in-
ul in, were expanded by up to 10% of their body
weight with a perfusion of a Ringer's solution con-
taining 2.5 g of inulin per liter over 60 mm at a deliv-
ery rate of 0.5 mI/mm. At the end of the expansion,
the Ringer's perfusion was continued for a further
60 mm at a rate of 0.15 mI/mm, during which three
20-mm urine clearance samples were collected.
Then, the kidneys were immediately removed and
processed following the same protocol as described
for group A.
Rat assays. The activity of the fraction extracted
from the total kidney tissue of individual rats was
tested. The fraction was adjusted to a pH of 7.35
with 0.1 N sodium hydroxide, and to sodium and
potassium concentrations of 140 and 4 mEq/liter,
respectively. The experiment was performed with
normal male Wistar rats weighing between 100 and
120 g and fed a standard rat chow. The day preced-
ing the experiment, the urinary dead space was re-
duced by ligation of the dome of the urinary blad-
der. Animals were ether anesthetized, and a PE-25
catheter was introduced into the jugular vein. Fol-
lowing this, the rats were confined in restrictive
cages, and 60 mm after recovery from anesthesia,
were perfused with a priming solution of 2.5% glu-
cose containing 19.9 mEq/liter sodium and 1.25 g/
liter inulin over 20 mm by means of a syringe pump
at a rate of 0.4 mi/mm. Thereafter, a sustaining solu-
tion containing 2.5% glucose, 19.9 mEq/liter so-
dium, and 0.88 g/liter inulin was perfused at a rate of
0.15 ml/min. After 25 mm of equilibration, four 10-
mm urine clearance samples (control period) were
collected, a blood sample being drawn from the tip
of the tail during the second control period. Then 1
ml of the prepared fraction extracted from the kid-
ney tissue was slowly injected i.v. (10 mm). Urine
samples from this period and the following 10 min-
utes were thrown away. The experimental period
consisted of six 10-mm clearance periods, the first
experimental clearance period beginning 10 mm af-
ter the end of the injection of the fraction. Blood
samples were taken during the second and the
fourth experimental clearance periods. The results
are expressed as percent changes between the aver-
age of FENa and UNaV observed during the four con-
trol periods and the mean of the same parameters
obtained during the six experimental periods ac-
cording to the formula:
FENa = FENaa — FENab/FENab X 100
where FENaa = FeNa after the injection of the frac-
tion, and FENab = FENa before the injection of the
natriuretic material. A similar formula was used
when considering changes in UNaV.
One fraction from each group, A, B, C, was test-
ed on the same day in a blind assay.
Inulin was determinated by the colorimetric
method of Zender and Faibriard [12], creatinine by
an automatic analyzer (Beckmann no. 2), sodium by
a flame spectrophotometer, and pH by a pH meter
with a combined glass electrode (pH M-62 standard
pH meter, Radiometer, Copenhagen). The titration
of the solution and of the fractions was made with
an automatic titrator (TTT 60 Titrator, Radiometer
Copenhagen). Results are expressed as the mean
SEM. Statistical analysis was performed by the Stu-
dent's t test (two tailed) when a normal repartition
of the values was assumed. In the cases for which
this assumption was not valid, significance of dif-
ferences was tested with the U test of Wilcoxon,
Mann, and Whitney. Changes were considered to
be significantly different when P < 0.05.
Results
Metabolic studies. Physiologic data measured on
day 10 of the experiment are as follows: GFR (en-
dogenous creatinine clearance) averaged 1.52
0.34 for group A, 1.6 0.25 for group B, and 1.54
0.19 mi/mm for group C. Mean values obtained for
UNaV and FENa were, respectively, 4.05 0.4 mEq/
day and 1.4 0.15% for group A, 3.88 0.28 mEq/
day and 1.31 0.16% for group B, and 3.9 0.2
mEq/day and 1.4 0.17% for group C. No statisti-
cal differences were noted for any of these parame-
ters between the three groups considered.
Clearance studies. The physiologic data obtained
from the clearance studies performed on day 11 are
shown in Table 1. For the rats from group A, which
were perfused with a hypotonic solution to avoid an
extracellular fluid volume expansion, GFR (inulin
clearance) averaged 2.56 0.33 ml/min; UNaV, 0.71
0.45 Eq/min; and FENa, 0.23 0.14%. Hemato-
crit values were unchanged through the experiment.
The albumin-expanded rats (group B) exhibited a
GFR of 2.33 0.15 mi/mm, a UNaV of 2.03 0.49
Eq/min, and an FENa of0.63 0.14%. Hematocrit
decreased from 45 to 38%. Finally, Ringer-ex-
panded animals from Group C had a mean GFR of
2.84 0.27 mi/mm, a mean UNaV of 23.21 3.45
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Eq/min, and a mean FENa of 6.23 Hema-
tocrit decreased from 46 to 37%. When the values
obtained for UNaV and FENa on day 10 of metabolic
experiment are compared with the values for the
same animal under clearance study conditions, only
the animals belonging to the group C exhibited a sig-
nificant increase of both absolute and fractional so-
dium excretion. For this group, UNaV increased
from 2.71 to 23.21 3.45 tEqImin (P <
0.001) and FENa from 1.4 0.17% to 6.23 0.43%
(P < 0.001). There is no difference between the
GFR measured in the three groups of rats during the
clearance studies. In contrast, UNaV and FENa were
much greater in group C when compared with
groups A and B (C vs. A, P< 0.001; C vs. B,P<
0.001 for both parameters).
Rat bioassays. Figure 1 depicts the effects in rats
of the fractions extracted from kidney tissue ob-
tained from an albumin-expanded rat (group B) and
from a Ringer-expanded rat (group C). Values are
shown for UNaV, FENa, GFR, and hematocrit. Fol-
lowing the injection of the fraction from the albu-
min-expanded rat, UNaV in the rat bioassay in-
creased from a control value of 0.442 to 0.73 .tEqI
mm; FENa, from 0.3% to 0.44%; and GFR, from
1.21 to 1.38 ml!min. No change was observed for
the hematocrit values (43% in the control period
and 42% in the experimental period). The relative
changes calculated for GFR, UNaV, and FENa were,
respectively, 14%, 75.8%, and 43.6%. In contrast,
when a fraction from a Ringer-expanded rat was
used, the rat bioassay responded with an increase in
UNaV from 0.95 to 2.61 /LEq/min; in FENa, from
0.85% to 2.2 1%; and in GFR, from 0.95 to 0.96 ml!
mi Hematocrit values were unchanged. In-
crements of GFR, UNaV, and FENa were, respec-
tively, 1.2%, 164%, and 160%. The profile of the
natriuretic response to the fraction from the Ringer-
expanded rat was similar to that observed in a pre-
No. of
rats
GFR
mi/mm
UNaV
p.Eq/min
FE5a5
%
Group A 8 2.56 0.23
Group B 8 2.33 2.03 0.63
Group C 8 2.84 23.21 6.23
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vious study [6]. The detailed results of the assay
measuring the activity of the natriuretic factor ob-
tained from the renal tissue of each rat are present-
ed in Table 2. When all groups are considered, the
injection of the natriuretic material extracted from
the kidney tissue does not produce any change in
GFR. When fractions from nonexpanded rats
(group A) were injected into a rat assay, UNaV in-
creased from 0.59 0.12 to 0.84 0.28 xEq/min;
and FENa, from 0.39 0.13% to 0.48 0.13%.
When the fractions from albumin-expanded rats
(group B) were injected into a rat assay, UNaV de-
creased from 0.49 0.2 to 0.42 0.09 EqImin;
and FENa, from 0.29 0.12% to 0.27 0.18%.
None of these differences were statistically signifi-
cant.
In contrast, when the fractions from Ringer-ex-
panded rats were injected into a rat bioassay, UNaV
increased from 0.56 0.13 to 1.3 Eq!min (P
< 0.01); and FeNa, from 0.43 0.12% to 1.07
(P < 0.02).
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Fig. 1. ft'ects observed with an active fraction extracted from
total renal tissue of a Ringer-expanded rat (left panel) and an
albumin-expanded rat (right panel) on hematocrit, GFR, U5aV,
and FEN,, in the assay. The broken line represents the mean base
line control value observed before infusion of the fraction.
Table 1. Clearance studies in experimental rats'
a Values are the means SEM.
GFR, U5aV and FE5, were determinated after the animals
were perfused with a sustaining glucose solution during 1 hour
for group A, after the rats were expanded with an hyperoncotic
solution for group B, and after the rats were expanded with an
isotonic saline solution for group C.
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Table 2. Effect of the natriuretic factor extracted from the kidney of nonexpanded and expanded rats on GFR, UNaV, and FENaa b
Control periods Experimental periods Change
GFR UNaV FENa GFR UNaV FENa GFR UNaV FE5a
Group and rat no. mi/mm p.Eq/tnin % mi/mm pEq/min % % % %
Group A
1 2.33 0.06 0.02 1.83 0.08 0.04 —17.8 35.4 66.6
2 2.37 0.99 0.31 2.25 1.01 0.34 —5.1 0.7 9.67
3 1.23 0.91 0.62 1.27 1.03 0.68 3.34 13.2 9.67
4 1.39 0.55 0.37 1.24 0.57 0.4 —10.8 2.52 7.56
5 1.73 0.54 0.26 0.89 0.32 0.32 —48.6 —40.6 23.0
6 0.51 0.7 1.17 1.29 1.02 0.73 151.2 46.0 —37.6
7 1.87 0.79 0.3 1.54 2.55 1.19 —17.62 222.0 299.0
8 1.05 0.14 0.09 0.87 0.12 0.11 —17.47 —17.8 17.7
Mean 1.56 0.59 0.39 1.4 0.84 0.48 4.64 32.68 49.45
SEM ±0.23 ±0.12 ±0.13 ±0.16 ±0.28 ±0.13 ±21.6 ±28.74 ±37.0
P NS NS NS
Group B
1 1.4 1.84 1.07 1.22 0.73 0.47 —12.68 —60.3 —55.7
2 1.21 0.42 0.31 1.39 0.73 0.44 14.61 75.86 43.6
3 0.71 0.07 0.08 0.45 0.09 0.19 —36.46 30.55 128.57
4 1.73 0.62 0.32 1.60 0.75 0.41 —7.0 22.0 28.88
5 1.86 0.17 0.07 1.37 0.21 0.12 —25.96 19.88 69.0
6 1.33 0.32 0.93 1.04 0.27 0.22 —21.71 —16.98 11.91
7 1.12 0.18 0.12 1.44 0.27 0.14 28.12 56.0 19.01
8 1.33 0.29 0.16 1.48 0.36 0.19 11.04 27.71 14.63
Mean 1.34 0.49 0.29 1.25 0.43 0.27 6.25 19.34 32.47
± SEM ±0.13 ±0.2 ±0.12 ±0.13 ±0.09 ±0.18 ±7.9 ± 14.88 ± 18.6
P NS NS NS
Group C
1 1.18 1.18 0.88 0.77 1.56 1.84 —34.69 30.74 109.1
2 1.1 0.44 0.34 1.28 0.7 0.5 16.65 59,63 47.0
3 0.96 0.95 0.85 1.0 2.6 2.21 4.4 174.0 160.0
4 1.3 0.55 0.36 1.32 1.31 0.84 1.69 139.0 134.16
5 0.6 0.44 0.66 0.96 1.66 2.04 59.66 280.0 209.6
6 1.44 0.05 0.03 1.11 0.14 0.09 —22.96 163.5 253.8
7 1.87 0.21 0.08 1.33 0.65 0.36 —28.79 211.5 351.25
8 2.08 0.63 0.21 1.97 1.81 0.69 —5.06 189.6 226.66
Mean 1.31 0.56 0.43 1.22 1.3 1.07 —1.13 155.99 186.45
± SEM ±0.17 ±0.13 ±0.12 ±0.13 ±0.28 ±0.29 ±11.07 ±28.42 ±33.4
p NS P <0.01 P <0.02
a The mean values for GFR, UNaV, and FENa for the clearance periods obtained over the six experimental periods after infusion of the
fractions extracted from the kidney tissue were compared with the mean values obtained during the four control periods.
Statistical significances of the differences between the control periods and the experimental periods (absolute data) were analyzed by
the paired t test for each group. In addition, percentage changes are given for each experiment.
When the activities of fractions extracted from
the kidneys were expressed as a percentage change
(Table 1), and compared among the three groups
(Fig. 2), the following statistical results were ob-
tained: group A vs. group B, no significant statisti-
cal differences were noted for UNaVi and FENa. (P>
0.7). In contrast, there was a statistical difference
between the UNaVI (P < 0.002) and the FeNaj (P <
0.002) observed in group C when compared with
group B. Similar differences are also observed be-
tween group C and group A (P <0.02 for UNaVI and
P < 0.02 for FENa.).
Considering all rats together (Fig. 3), there was a
strong correlation between the FENa observed dur-
ing the clearance studies and the activity of the na-
triuretic material extracted from the kidney ex-
pressed either as UNaVI (r = 0.75, P < 0.0005) or
FENa. (r = 0.76, P <0.0005). When absolute sodium
elimination observed during the clearance period
was considered instead of fractional sodium elimi-
nation, a similar correlation between the data from
the clearance studies and the activity of the natri-
uretic factor was found: r = 0.695, P < 0.0005 for
UNaVI and r = 0.738, P < 0.0005 for FENa1.
Discussion
The present study was designed to investigate the
effects of an acute volume expansion induced by ei-
ther hyperoncotic albumin or Ringer's solution on
the detectability of the natriuretic material. These
two modes of expansion have been chosen because
they are known to promote a different natriuretic
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= Group A (8)
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response by the kidney. Expansions by Ringer's so-
lution of up to 10% of the body weight or by hyper-
tonic albumin up to 0.6% of the body weight are
considered to result in an equal expansion of the
intravascular compartment [13]. The Ringer's solu-
tion, in contrast to the hypertonic albumin solution,
expands in addition to the vascular space the inter-
stitial fluid volume. Thus, in one case, the extra-
cellular fluid volume is expanded, whereas in the
other the expansion is restricted to the vascular
compartment. The effects of these two types of ex-
pansion on the renal sodium handling along the
nephron have been widely studied [13-15]. The ma-
jor difference in the tubular sodium reabsorption,
when the effects of an expansion induced by a Ring-
er's solution are compared with those promoted by
an albumin expansion, occurs in the collecting duct,
which may be relevant when localizing the site of
action of the natriuretic material [9, 13, 14]. Brenner
and Berliner have demonstrated that an expansion
greater than 3% of the body weight by Ringer's so-
lution produces an increment in the sodium delivery
from the proximal tubule [16]. These effects are the
consequence of a reduction in the fractional sodium
reabsorption along the proximal tubule, which is
governed by well-established physicochemical fac-
tors such as an increase of the peritubular capillary
hydrostatic pressure [17] and a decrease of the pen-
tubular oncotic pressure [18]. On the other hand,
Stein et al have shown that a hyperoncotic albumin
expansion also inhibits the sodium reabsorption by
the proximal tubule but to a lesser degree than does
the Ringer's expansion. They have found, however,
that the absolute and fractional sodium delivery to
the early and late distal tubule was identical in both
types of expansion, which may be accounted by dif-
ferences in the sodium reabsorption by the ascend-
ing loop of Henle [13]. Data concerning the sodium
reabsorption by the ascending ioop of Henle are
controversial. Several studies suggest that under a
variety of experimental conditions, a relatively con-
stant fraction of the sodium delivered to the ascend-
ing loop of Henle is reabsorbed [19-21]. Kunau,
Morgan, and Berliner [22, 23] have concluded from
their data, however, that the fractional sodium
reabsorption in the ascending loop was inversely re-
lated to the sodium delivery. Putting together the
data from the literature, it could be concluded that
the amount of sodium left in the urine by the end of
the distal tubule is identical in these two models of
expansion. It has been found in this study, in agree-
ment with the results obtained previously by David-
mann et al [15] and Stein et al [13] in rats, that the
final natriuresis in absolute as well as in fractional
terms is much greater in the animals receiving a
Ringer's solution that it is in those expanded by an
hyperoncotic albumin solution. Thus, the difference
observed in the final sodium elimination can only be
accounted for by a different handling of the sodium
Clearance studies
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Fig. 2. Effect of albumin (group B) versus Ringer's expansion
(group C) compared with nonexpanded rats (group A) on UNV
and FEN,, measured during clearance studies (upper panel) and
the activity of the natriuretic material extracted from the kidney
tissue observed in the bioassay (lower panel). The latter is ex-
pressed as percent change of both UaV and FEN. Numbers be-
tween the brackets correspond to number of rats in each group.
Statistical significances of the differences between the groups
were analyzed by the unpaired t test (clearance studies) and by
the U test (rat assays).
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Fig. 3. Left Relationship between the absolute sodium excretion (UNV) of all rats calculated during the clearance studies (abscissa), and
the degree of activity of the natriurelic material extracted from the corresponding kidney tissue (ordinate). The latter is expressed as
percent change of UNV (upper panel) and FENa(lower panel). Right Similar correlations are shown for fractional sodium excretion
(FENd).
along the collecting duct. By injecting labeled so-
dium at the end of the distal tubule, Stein et al have
proven that almost no sodium is reabsorbed along
the collecting duct when the animals are expanded
by a Ringer's solution, whereas it is largely reab-
sorbed when the animals are expanded by an albu-
min solution [13, 14].
In the present study, the animals in each of the
three groups were previously in an identical meta-
bolic condition as demonstrated by the fact that
there were no differences between the groups in
GFR, UNaV, and FENa metabolic cage observations.
These similarities in the basal metabolic conditions
for all the groups are important to the present pro-
tocol, because it has been shown in our laboratory
that the response to an acute saline expansion in
terms of natriuresis, as well as in terms of activity of
the natriuretic factor or factors extracted from the
kidney, was dependent upon the sodium intake of
the rat, previous to the acute experiment [6]. So the
changes induced by the acute expansion of both
types could be compared, as bias caused by the pre-
vious metabolic status of the animals had been elim-
inated.
When clearance studies were compared for the
three groups, it could be seen that a significant final
natriuresis was observed only in group C, which
was Ringer's expanded. This natriuresis could not
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be explained on the basis of changes in GFR, as the
values observed in the three groups are not signifi-
cantly different (Table 1). Thus, the Ringer's expan-
sion must have caused a change in sodium transport
by the kidneys at the tubular level. From the data of
the literature, it could be assumed that these
changes occurred along the collecting duct. It is
noteworthy that, in agreement with the observation
by Higgins [24], only the extracellular fluid volume-
expanded rats (group C) responded by an elevated
natriuresis. They possessed, in addition, the natri-
uretic material in their kidney tissue, confirming the
previous work by Gonick and Saldanha [5].
In contrast, following intravascular space expan-
sion by albumin (group B), no natriuretic response
or the presence of natriuretic material in the kidney
tissue could be demonstrated, a situation identical
to that observed in the nonexpanded control group
(group A) (Fig. 2).
The present data show that the degree of natri-
uretic response expressed either in absolute or frac-
tional terms correlates with the degree of activity of
the natriuretic material present at the same time in
the kidney tissue (Fig. 3).
Therefore, the presence of the natriuretic materi-
al should be at least a major determinant of the na-
triuretic response, and presumably acts on the col-
leting duct where differences in the sodium han-
dling between the two models chosen occur. This is
supported by observations on toad bladder [7] and
isolated collecting ducts [9].
From the present data, however, in the absence
of blood measurements of the activity of the natri-
uretic material, it is impossible to say whether the
absence of natriuretic material in the kidney tissue
of the hyperoncotic albumin-expanded rats is due to
a lack of release of the material, or to a protein bind-
ing of the substance, which might prevent its action
at the receptor level.
In conclusion, it has been shown that only the ex-
tracellular fluid volume expansion, which induces a
natriuretic response, is accompanied by the pres-
ence of a natriuretic material in the kidney tissue.
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